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Monoclinic, Fl^jc 
a = 10.2588 (2) A 
b = 18.6417 (4) A 
c = 13.3061 (2) A 
P = 105.2380 (12)° 
V = 2455.21 (8) A 3 

Data collection 

Nonius KappaCCD area-detector 

diffractometer 
Absorption correction: multi-scan 

(SCALEPACK; Otwinowski & 

Minor, 1997) 

T min = 0.870, r m „ = 0.870 

Refinement 

R[F 2 > 2a(F 2 )] = 0.037 

wR(F 2 ) = 0.091 

S = 1.03 

5586 reflections 



Mo Ka radiation 
/x = 0.72 mm -1 
T = 150 K 
0.2 x 0.2 x 0.2 mm 



10555 measured reflections 
5586 independent reflections 
4437 reflections with / > 2a(l) 
R,„, = 0.024 



235 parameters 

H-atom parameters constrained 
Ap max = 0.34 e A~ 3 
Ap mi „ = -0.37 e A~ 3 



Key indicators: single-crystal X-ray study; T = 1 50 K; mean ct(C-C) = 0.003 A; 
R factor = 0.037; wR factor = 0.091; data-to-parameter ratio = 23.8. 

In the title compound, [Ti(C 8 H 13 Si)(C 11 H 21 Si 2 )Cl 2 ], the Ti IV 
atom is bonded to two CI atoms, one l,3-bis(trimethylsilyl)- 
cyclopentadienyl (Si 2 Cp) and one (trimethylsilyl)cyclopenta- 
dienyl ring (SiCp). The Si 2 Cp centroid-titanium distance is 
2.0763 (10) A and the SiCp centroid-titanium distance is 
2.0793 (10) A. The angle subtended at the Ti atom by the 
centroids of both cyclopentadienyl rings is 131.22 (4)° and the 
Cl-Ti-Cl angle is 94.14 (2)°. 



Data collection: COLLECT (Nonius, 1998); cell refinement: 
DENZO-SMN (Otwinowski & Minor, 1997); data reduction: 
DENZO-SMN; program(s) used to solve structure: SHELXS97 
(Sheldrick, 2008); program(s) used to refine structure: SHELXL97 
(Sheldrick, 2008); molecular graphics: ORTEP-3 (Farrugia, 1997); 
software used to prepare material for publication: WinGX (Farrugia, 
1999) and publCIF (Westrip, 2010). 
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Science and Technology of the Republic of Slovenia and the 
Slovenian Research Agency for financial support through 
grants Pl-0230-0175 and X-2000. 



Related literature 

For background to metallocene catalysts, see: Kaminsky et al. 
(2006); Erker et al. (2006); Alt et al. (2006); Zhu et al. (2010); 
Luo et al. (2011); Winter et al. (1992); Mohring & Coville 
(2006). For related structures, see: Klouras & Nastopoulos 
(1991); Clearfield et al. (1975); McKenzie et al. (1975); Winter 
et al. (1992). For synthetic procedures, see: Winter et al. (1992). 




Me 3 Si 



Experimental 

Crystal data 

[Ti(C 8 H 13 Si)(C 11 H 21 Si 2 )Cl 2 ] M r = 465.53 



Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: FJ2469). 
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[^7 5 -l,3-Bis(trimethylsilyl)cyclopentadienyl]dichlorido[!/ 5 - 
(trimethylsilyl)cyclopentadienyl\]titanium(IV) 

F. Perdih 
Comment 

Metallocene-based catalysts for homogeneous polymerization have developed markedly over the last three decades (Kam- 
insky et ah, 2006; Erker et ah, 2006; Alt et ah, 2006; for recent related XRD studies, see: Zhu et ah, 2010; Luo et ah, 2011). 
Metallocenes bearing bulky substituents often exhibit properties very different from those of the corresponding unsubsti- 
tuted analogues. Although pentamethylcyclopentadienyl ligand is one among most often used, other bulky cyclop entadienyl 
ligands have also been employed (Winter et ah, 1992; Mohring & Coville, 2006). 

In the title compound [Ti(CiiH 2 iSi2)(C8Hi 3 Si)Cl2] or [Ti{C 5 H 3 (SiMe 3 )2} {C 5 H 4 (SiMe 3 )}Cl2] titanium atom is bon- 
ded to two chlorine atoms, one l,3-bis(trimethylsilyl)cyclopentadienyl and one (trimethylsilyl)cyclopentadienyl ring (Figs. 
1-2). The Si2Cp centroid-titanium distance is 2.0763 (10) A and the SiCp centroid-titanium distance is 2.0793 (10) 
A. The Cgl-Ti-Cg2 angle between the cyclopentadienyl ligands of 131.22 (4)° is similar to the value of 131.02° in 
[Ti{C 5 H 4 (SiMe 3 )} 2 Cl2] (Klouras & Nastopoulos, 1991) but slightly larger than the value of 130.89° and 131.04° in the 
C5H5 case (Clearfield et ah, 1975) and smaller than the value of 137.4° in the CsMes case (McKenzie et al, 1975). 

One measure of steric interactions in substituted cyclopentadienyl compounds is the degree to which the cyclopenadienyl 
substituents are bent out of the plane of the cyclopentadienyl ligand. The angle between the Si-C(Cp) bond and the plane 
of the Cp ring for Sil, Si2 and Si3 are 9.10 (11)°, 7.85 (11)° and 9.25 (11)°, respectively. For comparison, this values in 
related [Ti{C 5 H 3 (SiMe 3 )2}2F 2 ] are from 0.6° to 6.6°, while in [Ti{C 5 H 2 (SiMe 3 ) 3 } {C 5 H 4 (SiMe 3 )}F 2 ] are from 1.0° to 6.9° 
(Winter et ah, 1992). 

In the crystal structure there are no hydrogen bonds or ji-ji interactions. 
Experimental 

1, l',3-Tris(trimethylsilyl)titanocene dichloride was prepared according to the published procedure (Winter et al., 1992). Red 
crystals suitable for single-crystal X- ray diffraction were grown at -5°C from hexane. 

Refinement 

All H atoms were initially located in a difference Fourier maps and were subsequently treated as riding atoms in geomet- 
rically idealized positions, with C — H = 0.95 (aromatic) or 0.98 A (CH 3 ), and with (7j S0 (H) = kU £ q(C), where k= 1.5 for 
methyl groups, which were permitted to rotate but not to tilt, and 1.2 for all other H atoms. 
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Fig. 1. The molecular structure of the title compound showing the numbering scheme and dis- 
placement ellipsoids drawn at the 30% probability level. 
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Fig. 2. Top view of the molecular structure of the title compound with displacement ellipsoids 
drawn at the 30% probability level. H atoms are omitted for clarity. 



[il 5 -1,3-Bis(trimethylsilyl)q'clopentadienyl]dichlorido[ii 5 - (trimethylsilyl)cyclopentadienyl]titanium(IV) 



Crystal data 

[Ti(C8H 13 Si)(CiiH2iSi2)Cl2] 

M,- = 465.53 

Monoclinic, P2\lc 

Hall symbol: -P 2ybc 

a = 10.2588 (2) A 

b= 18.6417 (4) A 

c= 13.3061 (2) A 

P= 105.2380(12)° 

V= 2455.21 (8) A 3 
Z=4 



,F(000) = 984 

D x = 1.259 MgnT 3 

Mo Ka radiation, X = 0.71073 A 

Cell parameters from 5741 reflections 

6 = 2.6-27.5° 

|i = 0.72 mnT 1 

T= 150 K 

Cube, red 

0.2 x 0.2 x 0.2 mm 



Data collection 



Nonius KappaCCD area-detector 

diffractometer 

graphite 

Detector resolution: 0.055 pixels mm" 1 
co scans 

Absorption correction: multi-scan 
(SCALEPACK; Otwinowski & Minor, 1997) 

r min = 0.870, J max = 0.870 

10555 measured reflections 



5586 independent reflections 

4437 reflections with / > 2o(I) 
Rim = 0.024 



A = -13-»13 

k = -24^24 
/=-17-»17 
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Refinement 

Refinement on F 2 
Least-squares matrix: full 
R[F 2 > 2o(F 2 )] = 0.037 
wR(F 2 ) = 0.091 
S= 1.03 

5586 reflections 
235 parameters 
0 restraints 



Primary atom site location: structure-invariant direct 
methods 

Secondary atom site location: difference Fourier map 
Hydrogen site location: inferred from neighbouring 
sites 

H-atom parameters constrained 

w = 1/[g 2 (F 0 2 ) + (0.03 73P) 2 + 1.6583P] 

where P = (F 0 2 + 2F 2 )/3 

(A/o) max = 0.001 

Ap m ax = 0.34 e A~ 3 
Ap m i„ = -0.37 e A~ 3 



Special details 

Experimental. 224 frames in 6 sets of co scans. Rotation/frame = 1.8 °. Crystal-detector distance = 31.0 mm. Measuring time = 190 s/ 

o 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full covariance mat- 
rix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and torsion angles; correlations 
between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of 
cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 

2 2 
Refinement. Refinement of F against ALL reflections. The weighted i?-factor wR and goodness of fit S are based on F , convention- 

2 2 2 

al i?-factors R are based on F, with F set to zero for negative F . The threshold expression of F > o(F ) is used only for calculating R- 

factors(gt) etc. and is not relevant to the choice of reflections for refinement, if- factors based on F are statistically about twice as large 
as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A ) 





X 


y 


z 




Til 


0.92494 (3) 


0.234506 (19) 


0.42358 (3) 


0.02364 (10) 


Cll 


0.71504 (5) 


0.24806 (3) 


0.46198 (4) 


0.03426 (13) 


C12 


1.01487 (6) 


0.15818(3) 


0.56780 (4) 


0.03435 (13) 


Sil 


1.30658 (6) 


0.27181 (4) 


0.45355 (5) 


0.03322 (15) 


Si2 


0.78071 (6) 


0.42245 (3) 


0.33826 (5) 


0.03503 (15) 


Si3 


0.71083 (7) 


0.05471 (3) 


0.35754 (5) 


0.03846 (16) 


CI 


1.0327 (2) 


0.33664 (11) 


0.37062 (15) 


0.0275 (4) 


HI 


1.0392 


0.3416 


0.301 


0.033* 


C2 


1.1309 (2) 


0.30217 (11) 


0.45156 (15) 


0.0284 (4) 


C3 


1.0828 (2) 


0.31075 (12) 


0.54242 (15) 


0.0300 (4) 


H3 


1.1285 


0.2947 


0.6103 


0.036* 


C4 


0.9591 (2) 


0.34617 (11) 


0.51647 (15) 


0.0291 (4) 


H4 


0.9067 


0.3576 


0.5635 


0.035* 


C5 


0.9235 (2) 


0.36265 (11) 


0.40747(15) 


0.0280 (4) 


C6 


0.7751 (2) 


0.18915 (12) 


0.26451 (15) 


0.0334 (5) 


H6 


0.6838 


0.2046 


0.2424 


0.04* 
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C7 

H7 

C8 

H8 

C9 

H9 

CIO 

Cll 

H11A 

HUB 

H11C 

C12 

H12A 

H12B 

H12C 

C13 

H13A 

H13B 

H13C 

C14 

H14A 

H14B 

H14C 

C15 

H15A 

H15B 

H15C 

C16 

H16A 

H16B 

H16C 

C17 

H17A 

H17B 

H17C 

C18 

H18A 

H18B 

H18C 

C19 

H19A 

H19B 

H19C 



0.8836 (2) 

0.8795 

1.0014(2) 

1.0909 

0.9620 (2) 

1.0211 

0.8207 (2) 

0.7207 (3) 

0.6925 

0.661 

0.8139 

0.7701 (4) 

0.7092 

0.7708 

0.8616 

0.5332 (3) 

0.4986 

0.5298 

0.4775 

1.3327 (2) 

1.2867 

1.2956 

1.4296 

1.3414(3) 

1.2916 

1.3126 

1.4385 

1.4201 (3) 

1.5141 

1.3978 

1.4084 

0.8614(3) 

0.9104 

0.9246 

0.7916 

0.6585 (3) 

0.6149 

0.7066 

0.5898 

0.6945 (3) 

0.6168 

0.7577 

0.6634 



0.22377 (13) 
0.2663 
0.18388 (13) 
0.195 

0.12503 (12) 

0.0891 

0.12731 (11) 

-0.02067(16) 

-0.004 

-0.0595 

-0.0383 

0.02490 (18) 

-0.0122 

0.0658 

0.0053 

0.08662 (16) 

0.0961 

0.1308 

0.0498 

0.27575 (16) 

0.318 

0.2324 

0.2789 

0.18025 (18) 

0.1451 

0.1769 

0.1704 

0.3360 (2) 

0.3206 

0.3374 

0.3839 

0.49936 (15) 

0.4816 

0.5236 

0.5333 

0.37676 (14) 

0.3372 

0.3579 

0.4112 

0.45443 (17) 

0.4842 

0.4828 

0.4131 



0.24119 (16) 

0.2012 

0.28814(16) 

0.2857 

0.33887 (16) 

0.376 

0.32631 (15) 

0.2689 (3) 

0.1965 

0.2788 

0.2844 

0.4949 (2) 

0.5085 

0.5413 

0.5076 

0.3299 (3) 

0.2551 

0.369 

0.3509 

0.32045 (19) 

0.2839 

0.2818 

0.3256 

0.5086 (3) 

0.4582 

0.5731 

0.5237 

0.5413 (3) 

0.5519 

0.6085 

0.5099 

0.2878 (2) 

0.2387 

0.346 

0.2521 

0.2286 (2) 

0.2558 

0.1796 

0.1926 

0.4363 (3) 

0.4019 

0.4894 

0.4692 



0.0362 (5) 

0.043* 

0.0368 (5) 

0.044* 

0.0350 (5) 

0.042* 

0.0310(4) 

0.0641 (8) 

0.096* 

0.096* 

0.096* 

0.0724 (10) 

0.109* 

0.109* 

0.109* 

0.0618 (8) 

0.093* 

0.093* 

0.093* 

0.0469 (6) 

0.07* 

0.07* 

0.07* 

0.0638 (9) 

0.096* 

0.096* 

0.096* 

0.0824 (12) 

0.124* 

0.124* 

0.124* 

0.0541 (7) 

0.081* 

0.081* 

0.081* 

0.0508 (7) 

0.076* 

0.076* 

0.076* 

0.0675 (9) 

0.101* 

0.101* 

0.101* 



Atomic displacement parameters (A 2 ) 
U n U 22 

Til 0.02510 (18) 0.02871 (19) 0.01821 (16) 0.00288 (14) 0.00763 (13) 0.00125 (14) 



jjU V 22 ^33 jjll jjU V 2i 
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0.0312 (15) 


0.0387(17) 


C16 


0.0327 (14) 


0.114(3) 


0.100 (3) 


-0.0141 (17) 


0.0159(16) 


-0.061 (2) 


C17 


0.0524(16) 


0.0399 (14) 


0.0620 (17) 


-0.0081 (12) 


0.0010(13) 


0.0171 (13) 


C18 


0.0360 (13) 


0.0431 (14) 


0.0625 (17) 


-0.0001 (11) 


-0.0059 (12) 


0.0117 (12) 


C19 


0.073 (2) 


0.065 (2) 


0.074 (2) 


0.0377(17) 


0.0348(17) 


0.0128(16) 


Geometric parameters (A, °) 












Til— C8 




T 1/1/1 /OA 

2.344 (2 J 


C6— H6 


u.yj 




Til— CI 1 




2.353 1 (6) 


C7- 


-C8 


1 /i 1 /: 
1.416 


(3) 


Til— C7 




2.36U (2) 


C7- 


-H7 


U.VD 




Til— C12 




2.3 /23 (6) 


C8- 


-C9 


1 a m 
1 .4U2 


(3) 


Til— C5 




2.3VS (2) 


C8- 


-H8 


U.VD 




Til— CI 




2.3Vy (2) 


C9— C10 


1 /i 1 /: 
1.416 


(3) 


Til— C4 




1 inn 
2.3W (2) 


C9- 


-H9 


U.VD 




Til— C2 




2.4U4 (2) 


Cll- 


-H11A 


a no 




Til— C3 




2.4US (2) 


Cll- 


-HUB 


a no 




Til— C9 




2.41U (2) 


Cll- 


-H11C 


n no 




Til— C6 




2.41s (2) 


C12- 


-H12A 


n no 




Til— CIO 




2.46/ (2) 


C12- 


-H12B 


n no 




Si 1— CI 6 




1.634 (3) 


C12- 


-H12C 


n no 
U.V6 




Si 1— CI 5 




1.633 (3) 


C13- 


-H13A 


n no 




Sil— C14 




1.661 (2) 


C13- 


-H13B 


n no 




Sil— C2 




1.663 (2) 


C13- 


-H13C 


n no 




Si2— C19 




1 Of / /T\ 

1.856 (3) 


C14— H14A 


n no 

o.y8 




Si2— CI 8 




1.862 (3) 


C14— H14B 


0.98 




Si2— CI 7 




1.867 (3) 


C14- 


-H14C 


0.98 




Si2— C5 




1.878 (2) 


C15- 


-H15A 


0.98 




Si3— C12 




1.853 (3) 


C15- 


-H15B 


0.98 




Si3— Cll 




1.855 (3) 


C15- 


-H15C 


0.98 
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bl3 — CI 3 


1 o/;n (i\ 
1.56U (3) 


bu — C1U 


1 07/; /IN 
1.5 lb (2) 


/ • i p-> 
CI — CZ 


1 /i in li \ 
1.42U (3) 


p 1 nr 

CI — Cj 


1 /in /in 
1.4/1 (J ) 


Z" 1 1 I I 1 

CI — HI 


u.yD 


p-> r~"-± 
Cz — C3 


1 /I m /I N 

1.43U (3) 


C% Cd 


1 3Q1 ni 


C3 — H3 


0.95 


C4 — C5 


1.433 (3) 


C4 — H4 


0.95 


C6 — C7 


1 391 (3) 

±.-/v± 


C6 — CIO 


1.422 (3) 


po t; i -i 
Co — ill — Cll 


it/; pi/r //r\ 

Ijo.Uo (o) 


po TJ 1 /-i -7 

Co — 111 — C / 


TC pi/1 /o\ 

JJ.U4 (o ) 


CI 1 — 111 — C / 


1U /. /o (o) 


po 1 r^n 
Co — 1 1 1 — C1Z 


1U4.UJ (o) 


Z~M 1 T 1 ; 1 pi T 

Cll — 111 — C1Z 


y4. 14 (Z) 


C/ — 111 — Clz 


1JJ.U4 (o) 


po T'i 1 / ' c 

Co — 111 — Cj 


1 no 1 1 ( e\ 
lUy.lJ (o) 


pi i t " i PC 

Cll — 111 — Cj 


Of oo /c\ 
OJ.OO (J) 


C/ — 111 — Cj 


on oc (i\ 

oy.oj {/) 


pi o t 1 ; i pir 

C1Z — 111 — Cj 


1 "2 1 A1 ZC\ 

1 j 1.43 (j) 


Co — 111 — CI 


*7Pi Z"0\ 

/y.oo (o) 


PI i t 1 ; i pi 

Cll — 111 — CI 


ny.oz (j) 


Z~"7 T\ 1 Z" 1 1 

C/ — 111 — CI 


/4. //(,/) 


z^n t< 1 z" 1 1 
C1Z — 111 — CI 


1 T7 PiC ZC\ 

1Z /.Uj (j) 


( 'C -y' i pi 

Cj — 111 — CI 


34. 4o yl) 


no Til f^A 

Co — 111 — C4 


nc /ii / o\ 
133.41 (o) 


pi i t; 1 z^/i 
CI 1 — 111 — C4 


/y.z4 [p ) 


C/ — 111 — C4 


1Z4.40 (o) 


pi o t; i p/i 

C1Z — 111 — C4 


y 1 . jU p J 


PC t; i p /i 

Cj — 111 — C4 


34. / j (/) 


p i t; i p/i 

CI — 111 — C4 


J0.3V {/) 


po t; i p-> 

Co — 111 — CZ 


Q1 &H Z"0\ 

oZ.o/ (o) 


pi i t; i pi 

Cll — 111 — CZ 


\ 1£. £.1 ZC\ 

13o.o3 (j) 


p-7 t 1 ; i po 

C/ — 111 — cz 


yo. / 1 (o) 


pi t t 1 ; i pi 

C1Z — 111 — cz 


VZ.OO (J) 


pc t; i p--) 

Cj — 111 — CZ 


co in sh\ 
Jo. 3 / (/) 


s « i t 1 ; i pi 

CI — ill — cz 


1 A Af\ /*7\ 

34. 4U {/) 


p /i t; i po 

C4 — 111 — CZ 


ZH A1 fH\ 
J / .4Z (/) 


po t; i pi 
Co — ill — C3 


i i £ r\/: /o\ 

llo.Uo (o) 


pi i t\ i po 

Cll — 111 — Cj 


lUo.oj \p) 


f^n t; i pi 
C/ — 111 — C3 


1 on 1 1 /o\ 
1ZV.31 (o) 


pi o t; i pt 

Clz — 111 — Cj 


hc no /ca 

76.7s (5) 


C5— Til— C3 


57.17(7) 


CI— Til— C3 


56.08 (7) 


C4— Til— C3 


33.64 (7) 


C2— Til— C3 


34.57 (7) 


C8— Til— C9 


34.27 (8) 
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pi/: TJ 1 £ A 

C 1 D rl 1 OA 


n no 

U.yo 


p 1 /C I I 1 /. D 

C 1 o — hi 1 or> 


n no 

u.yo 


( ' \ ^ TJ 1 /TP 

Clo — HloC 


n no 

u.yo 


pn un a 
CI / — rll /A 


n no 

u.yo 


P 1 -7 TJ 1 "70 

CI / — rll Id 


n no 

u.yo 


pn u i *7p 
CI / — HI /C 


n no 

u.yo 


V 1 o — 1 1 1 Ort 


\J.yo 


C18 — H18B 


0.98 


C18 — H18C 


0.98 


C19 — H19A 


0.98 


C19 — H19B 


0.98 


C19 — H19C 


0.98 


C4 C3 — Hi 


12D.1 


r^^i r^i in 
Cz — C3 — Hi 


i i 

IzD.l 


ill — C3 — H3 


m i 
izl.l 


r^i r^/t r^c 
C3 — C4 — CD 


1 nn m / 1 o\ 
lUy.U3 (lo) 


r^i r^/i ^1 
C3 — C4 — ill 


/3.Dz (12) 


C5 — C4 — 111 


-7-> CO T\ 

//.Do (12) 


r^l tt/1 

C3 — C4 — rl4 


1 TC C 

12D.D 


C5 — C4 — H4 


12D.D 


111 — C4 — H4 


1 in 1 
12U.1 


CI — CD — C4 


1 nc in/1 -7\ 
lUD.iy (1 /) 


CI — CD — bli 


120.13 (ID) 


C4 CD — bli 


11C CO 1 A £\ 

12D.D5 (16) 


CI — CD — ill 


-71 in i\ 
/2. /y (12) 


C4 CD — ill 


-71 /;-7 /1 1\ 
/2.6/ (12) 


Slz — CD — ill 


no i /t n\ 
120.36 (1U) 


C / — C6 — C 1 0 


i i n i /i\ 
1 1U.2 (2) 


C / — C6 — ill 


in m i\ 
/U. /y (12) 


pin p/r 1 

C1U — C6 — ill 


7/1 0£ /I 1\ 

/4.y6 (12) 


c^~i u/; 
C / — C6 — H6 


1 1/1 Q 

124. y 


C 1 0 — C6 — H6 


1 i/i n 
124. y 


ill — C6 — H6 


1 in n 
12U.y 


r^£L r^n ro 

C6 — C7 — C8 


1 n-7 i /in 

107.3 (2) 


C6 — C / — 111 


-7c /in d i\ 
/D.4U (12) 


Co — C/ — ill 


7 1 on i\ 
/l.oy (12) 


r^z. r~*H in 
C6 — C / — H 1 


1 1/: i 
126.3 


r^o r*n tjh 
Co — C / — H 1 


1 1/: i 
126.3 


111 — C/ — HI 


1 1 O A 

no.4 


/^n po p~7 
cy — Co — C / 


1 m /; /i\ 
10/. 6 (2) 


pn po t; 1 
CV — Co — ill 


"7C A 1 /I 1\ 

/D.41 (12) 


p-7 po -r; 1 
C / — Co — 111 


71 n7 /1 IN 

/3.U/ (12) 


pn po uo 
Cy — Co — Ho 


1 1/; i 
126.2 


C7— C8— H8 


126.2 


Til— C8— H8 


117.4 


C8— C9— CIO 


109.6 (2) 


C8— C9— Til 


70.32 (12) 


CIO— C9— Til 


75.35 (12) 


C8— C9— H9 


125.2 
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pi i x; i pn 
Cll — 111 — CV 


IH TO / r\ 

1 1 /.Zo (0) 


<^"7 x; 1 pn 
C/ — 111 — CV 


c^ A/; /o\ 

jo.yo (o) 


pn x; 1 pn 
C1Z — 111 — CV 


/o.lO (0) 


Cj — in — cy 


143. 1Z ( /) 


CI — ill — Cv 


113.10 ( /) 


P/1 t; i Pfi 

C4 — in — cy 


1 /n no / o\ 
lOZ.yo (o) 


pi xi 1 r^o 
CZ — 1 1 1 — \Jy 


1 A£ A^ / 0\ 

IUO.Uj (o) 


pi x; i rn 
C3 — 111 — cy 


13U.Z1 (0) 


Co — 111 — Co 


C£ ZZ'7 /0\ 

jO.O/ (o) 


pi i xi i p/: 

Cll — 111 — Co 


*7A £.A ( £.\ 

/y.04 (0 ) 


pn Xi 1 ( ' ^ 

C/ — 111 — CO 


11 Q1 /Q\ 

33.01 (o) 


pi ^> t: i P" /L 

C1Z — 111 — Co 


izi.3y (0) 


p< C t 1 ; i P" /: 

Cj — 111 — Co 


1 A£ /1 1 /"7\ 

1U0.4Z ( /) 


s • i x; 1 / • /; 

CI — 111 — Co 


1 A A Q/Z /"7\ 
1U4.00 ( /) 


Pzl tii p/: 

C4 — 111 — Co 


1 -J/T /TO p-7\ 

130.0o ( /) 


PI T" 1 P/T 

CZ — 111 — Co 


HA Cl /"7\ 

13U.J 1 ( /) 


ni x; i p/: 

C3 — 111 — Co 


1 £A OA fl\ 

lOU.oU ( /) 


pn x; 1 P£ 

cy — iii — Co 


ff -71 pO\ 

JJ. /I (o) 


p o t: 1 PI A 
Co — 111 — C1U 


C*7 1 1 ZO\ 
J /.1Z (o) 


pi 1 t; 1 pi a 
Cll — 111 — C1U 


O/l CO /c\ 
04.J0 (j) 


P7 x; 1 nn 
C/ — 111 — C1U 


C*7 A1 /*7\ 
J / -U3 


pi i x; 1 pi A 
C1Z — 111 — C1U 


0*7 *70 /C\ 

o/. /o (j) 


pc x; 1 p i a 
CD — 111 — C1U 


1 A A T) /"7\ 

14U. ZZ ( /J 


p 1 x; 1 p 1 a 
CI — 111 — C1U 


13 1 .ZU ( /) 


p /i x; 1 p 1 a 
C4 — 111 — C1U 


103.Z / (/) 


pi x; 1 pi a 
CZ — 111 — C1U 


\1Q AH (H\ 
130.4/ (/) 


pi x; 1 p 1 a 
CJ — 111 — C1U 


1 <C 1 1/1 /"7\ 

101 .Z4 ( /) 


pn x; 1 p 1 a 
Cy — 111 — C1U 


11 HA /"7\ 

33. /4 (/) 


p- p x; 1 p 1 a 
CO — 111 — C1U 


11 Ol /"7\ 

33. oZ (/) 


p i p c; 1 i c 
CIO — oil — CI J 


1 AO (\ C\\ 

iuo. / j (iyj 


pi/T c;i P 1 y) 

ClO — oil — C14 


1 1 n /in ^1 
1 lU.4y (10) 


pi c c;i pi /i 
CI j — oil — C14 


11A c/; /i/i\ 
IIU.jO (14) 


p i p o ; 1 PO 

ClO — oil — CZ 


1 A/l OA / 1 T\ 

1U4.0U (1Z) 


pi c c; 1 n 
CI J — Oil — CZ 


1 1 1 ^.n /1 1 A 
111 .jU (11) 


C 1 4 — 01 1 — CZ 


1 1 A CA A\ 

nu.jy (iu) 


pin on pi o 

c i y — OlZ — C 1 o 


1 1 A C/l ^1 

1 1U. j4 (10) 


pio on rn 

ciy — oiz — ci / 


1 1 a uno 
1 1U. 10 (1 j) 


pi o on pn 
Clo — OlZ — CI / 


1 AO 00 / 1 1\ 

lUy.oo (13) 


Pin on pc 
Ciy — OlZ — Cj 


1 A*7 A n / 1 T\ 

iu /.4y (iz) 


PI o o I "> PC 

Clo — OlZ — Cj 


1 1 t nn ^1 1 \ 

nz.yy (ii) 


pi n on p C 

CI / — OlZ — Cj 


inc £c n 1 \ 
IUj.Oj (11) 


pi O Q',1 p| 1 

C1Z — 013 — Cll 


1 A A A*7 / 1 T\ 

iuy.y / (i /) 


pi o o ; i pit 
CI Z — 013 — C 1 3 


1 AA AO ( 1 *7\ 

luy.yo (i /) 


/—iii o ; i pn 

Cl 1 — bi3 — C13 


1AA Tl p| f \ 

109.33 (15) 


CI 2— Si3— CIO 


111.98(12) 


Cll— Si3— CIO 


105.61 (12) 


C13— Si3— CIO 


109.86 (12) 


C2— Cl— C5 


111.03 (17) 


C2— Cl— Til 


73.01 (12) 



c i u — cy — riy 


1 TC 1 

125.2 


iii — cy — riy 


12U.6 


cy — c i u — C6 


1 nc T7 i 1 n\ 

1U5.2 / (iy) 


cy — C1U — bl3 


n~7 ac pfn 
12/ .40 (1 /) 


Co — C1U — bli 


nc nn / 1 "7\ 

i25.yy (i /) 


f^d nn i 

cy — c i u — 1 1 1 


"7n n 1 i'n\ 
/U.yi (12) 


f^a nn 1 
Co — C 1 U — 1 1 1 


-71 ni /11\ 

II. 21 (12) 


c ;i nn t; 1 
ali — C1U — 111 


1 n ic /1 n\ 
132.15 (IU) 


iili — Cll — HI 1 A 


1 nn c 

iuy.5 


c;i n i tji id 
iili — Cll — HI IB 


1 nn c 

iuy.5 


TJI 1 A pi | TJIITD 

HI 1 A — Cll — HI IB 


1 nn c 

iuy.5 


c;t pi i tti i pi 
bli — Cll — H11C 


109.5 


Tjii i pi i tji in 

HI 1 A — Cll — HI 1C 


1 nn c 

iuy.5 


mir> pi i TJ11P 
HI IB — Cll — HI 1C 


1 nn c 

iuy.5 


iili — C 1 1 — H 1 2 A 


1 nn c 

iuy.5 


Zilj — C 1 2 — H 1 2B 


1 nn c 

iuy.5 


Tjn A PIT TJTITTD 

H 1 2A — C 1 2 — H 1 2B 


1 nn c 

iuy.5 


c;i pn Tjmp 
bli — C 1 2 — H 1 2C 


1 nn c 

iuy.5 


tj i t * pn unp 
H 1 2A — C 1 2 — H 1 2C 


1 nn c 

iuy.5 


H 1 2B — C 1 2 — H 1 2C 


1 nn c 

iuy.5 


c;i pn un a 
Z>15 — Cl J — H13A 


1 nn c 

iuy.5 


c;i pn unD 
bli — C13 — HUB 


1 nn c 

iuy.5 


U1 1 A P11 miD 

H 1 3 A — C 1 3 — H 1 3B 


1 nn c 

iuy.5 


c;t P1T TT1TP 

Sl3 — C13 — H13C 


1 nn c 

ioy.5 


un A P11 TJIIP 

H 1 3 A — C 1 3 — H 1 3C 


1 nn c 

iuy.5 


m ir> p 1 1 m ip 
H 1 3B — C 1 3 — H 1 3C 


1 nn c 

iuy.5 


c;i pu T_r1 A A 

bli — C14 — H14A 


1 nn c 

iuy.5 


bli — C14 — H14B 


1 nn c 

iuy.5 


T_T1 A A pu Tjri^ir> 
H 1 4A — C 1 4 H 1 4B 


1 nn c 

iuy.5 


c;i pu U1/1P 
bli — C14 — H14C 


1 nn c 

iuy.5 


JJ1 yi A pu TJUP 

H 1 4 A — C 1 4 H 1 4C 


1 nn c 

iuy.5 


TJI AD PU TJTUP 

H 1 4B — C 1 4 — H 1 4C 


1 nn c 

iuy.5 


bli — C15 — H15A 


1 nn c 

iuy.5 


c;i pi c ui cd 
bli — C15 — H15B 


1 nn c 

iuy.5 


U1 C A pi f TJT1CT3 

H 1 5 A — C 1 5 — H 1 5B 


1 nn c 

iuy.5 


C;1 PI C TJT1CP 

bli — C15 — H15C 


1 nn c 

iuy.5 


TT 1 C A PI C TT 1 CP 

H 1 5 A — C 1 5 — H 1 5C 


1 nn c 

iuy.5 


JJ1 rn pir TT 1 CP 

H 1 5B — C 1 5 — H 1 5C 


1 nn c 

iuy.5 


c;i pi/: tjti/;a 
bli — Clo — HloA 


1 nn c 

iuy.5 


bli — Clo — HloB 


1 nn c 

iuy.5 


tji/;a pu tji/;d 
H 1 OA — C 1 0 — H 1 OB 


1 nn c 

iuy.5 


bli — C16 — HloC 


1 nn c 

iuy.5 


tjti/:a pi/: tjti/:p 
H 1 OA — C 1 0 — H 1 oC 


1 nn c 

iuy.5 


H16B— C16— H16C 


109.5 


Si2— C17— H17A 


109.5 


Si2— C17— H17B 


109.5 


H17A— C17— H17B 


109.5 


Si2— C17— H17C 


109.5 


H17A— C17— H17C 


109.5 
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Cj — CI — 111 


"71 *7C / 1 1\ 

11. /J (1Z) 


pi ni I I 1 

CZ — CI — HI 


11/1 c 

1Z4.J 


PC pi I I 1 

Cj — CI — rll 


11/1 c 

1Z4.J 


t; 1 i it i 
111 — CI — rll 


1Z 1 . j 


pi no pi 

CI — CZ — Co 


1 n/i n 1 / 1 h\ 
1U4.V 1 (1 /) 


z" 1 1 n c ; 1 
CI — CZ — oil 


1 in 11 ( 1 c\ 
IZy.Zl (1 j) 


pi po c;i 
C3 — CZ — bl 1 


ii/i in / 1 c\ 
lZ4.Zy (lJ) 


ri r? Tii 

V 1 v^-Z. 111 




C3 — C2 — Til 


72.86 (12) 


Sil — Q2 — Til 


130.06 (11) 


C4 — C3 — C2 


109.76 (18) 


C4 — C3 — Til 


72.84 (12) 


C2 — C3 — Til 


72.57 (12) 


po 1 p 1 pi 

Co — 111 — C 1 — CZ 


m in ( 1 1\ 
—yl. 1U (13) 


pi i t; 1 p i pi 
CI 1 — 111 — C 1 — CZ 


1 in o/i / 1 m 
13U.Z4 (1U) 


p-7 1 p i pi 
C/ — 111 — CI — CZ 


1 T7 71 /'I 1\ 

—ill .15 (1 3) 


pi 1 rp- -, p i pi 

C1Z — 111 — C 1 — CZ 


*7 "70 /"1 /I \ 
/. /O (14) 


p c t; 1 p 1 pi 
CD — 111 — CI — CZ 


1 1 n in c\ *7\ 

ny.zu (1 /) 


P/i t; 1 pi pi 
C4 — 111 — CI — CZ 


*7n nn /1 i\ 

/y.yy (13) 


pi t; 1 pi pi 
C3 — 111 — CI — CZ 


m ic n 1 \ 

jy.zj (ii) 


pn T-i- i p i pi 

CV — 1 1 1 — CI — CZ 


o A *7n / 1 1\ 
— o4. /U (13) 


P/i TJ 1 pi PI 

Co — 1 1 1 — C 1 — CZ 


1/11 ii / 1 1\ 
— 14J.JJ (1Z) 


pin t; 1 p 1 pi 
C 1 U — 111 — C 1 — CZ 


1 1 O OA ( 1 1\ 

— llo.o4 (13) 


p o t; 1 p 1 pc 
Co — 111 — CI — Cj 


14o. /U (13) 


pi 1 t; 1 p 1 pc 
Cll — 111 — CI — Cj 


1 1 nc /1 i\ 
11. Uj (13) 


p-7 1 P 1 PC 

C/ — 111 — CI — Cj 


111 no /1 i\ 
113. Uo (13) 


pi 1 Ti 1 P 1 PC 

C1Z — 111 — CI — Cj 


111 A1 / 1 1 A 

111.4Z (11) 


p a t; 1 p 1 pc 
C4 — 111 — CI — Cj 


in in ( 1 1 \ 
— 3y.ZU (11) 


po t; 1 p i pc 
CZ — 1 1 1 — C 1 — C j 


1 1 n in / 1 *7\ 
— 1 ly.ZU (1 /) 


pi Ti 1 P 1 PC 

Cj — 111 — CI — Cj 


-7Q Q/1 / 1 1\ 

— /y.y4 (13) 


pn t: i pi pc 
CV — 111 — Cl — Cj 


1 C/i 11 / 1 1\ 

1 jo.l 1 (1Z) 


P/i Til PI PC 

Co — 1 1 1 — C 1 — C j 


n*7 /i *7 / 1 1\ 
y/Af (1Z) 


Pin t; i pi pc 
C1U — 111 — Cl — Cj 


111 n/i ( 1 i\ 

izi.yo (iz) 


PC PI PI pi 

Cj — C 1 — CZ — Cj 


-3.0 (2) 


t; i pi pi pi 

1 1 1 — C 1 — CZ — Cj 


CC 11 pi /I \ 

— 00. Z3 (14) 


pc p 1 pi c ; 1 
C J — C 1 — CZ — b 1 1 


1 /i o on / 1 /i\ 
— loo.oU (10) 


t; 1 p 1 pi c ; 1 
111 — C 1 — CZ — b 1 1 


1 1*7 m ( 1 o\ 
IZ /.y3 (lo) 


pc pi pi t: i 
C J — C 1 — CZ 1 1 1 


/ii n /1 c\ 
03. Z/ (1j) 


pi/t c ; 1 pi p 1 
C 1 0 — oil — CZ — C 1 


1 n*7 /1\ 
lU /.0 (Z) 


p 1 c c ; 1 pi p 1 
Cl J — bl 1 — CZ — C 1 


1 1 /i n /i\ 
— 134.y (Z) 


p 1 a c ; 1 pi p 1 
C14 — bll — CZ — Cl 


ii/i /i\ 
-11.4 (2) 


pi/: c ; 1 pi pi 
Cl 0 — bl 1 — CZ — Cj 


CC 1 C"i \ 

— jj. / (Z) 


p 1 c c ; 1 pi pi 
C 1 J — bl 1 — CZ — Cj 


C 1 *7 /1\ 

Ol. / (Z) 


pi a c;i pi pi 
C 1 4 — bi 1 — C2 — C3 


-174.82 (19) 


C16— Sil— C2— Til 


-151.92(18) 


C15— Sil— C2— Til 


-34.44 (19) 


C14— Sil— C2— Til 


89.01 (16) 


C8— Til— C2— Cl 


82.40 (13) 


Cll— Til— C2— Cl 


-74.67 (13) 



I I 1 "70 pn TJ1*7P 

HI Id — Cl / — HI /C 


1 nn c 

luy.j 


c;i pio u 1 o a 
blZ — C 1 o — H 1 oA 


1 nn c 

iuy.j 


c ;i p 1 o 1 1 1 on 
blZ — C 1 o — H 1 or> 


1 nn c 

iuy.j 


Tj 1 O A PIO I I 1 on 

H 1 oA — C 1 o — H 1 or> 


1 nn c 

iuy.j 


c;i pio mop 
blZ — C 1 o — H 1 oC 


1 nn c 

iuy.j 


moA pio ill o p 
H 1 oA — C 1 o — H 1 oC 


1 nn c 

iuy.j 


I I 1 qd P 1 O U 1 OP 

H 1 or> — C 1 o — H 1 oC 


1 nn c 

iuy.j 


Ci7 pin tji n a 

kjiz, v i y — 1 1 1 / 1\ 


i \jy. j 


Si2 — C19 — H19B 


109.5 


H 1 9A — C 1 9 — H 1 9B 


109.5 


Si2 — C19 — H19C 


109.5 


H19A — C19 — H19C 


109.5 


H 1 9B — C 1 9 — H 1 9C 


109.5 


p i Pi t;i pc P/i 

C1U — 111 — Cj — C4 




po t; 1 ( ' ^ c i o 
Co — 111 — Cj — blZ 


yZ.M (li) 


pi 1 t; 1 pc c;i 
Cll — 111 — Cj — blZ 


-45.01 (12) 


p h t\ 1 pc c ; 1 
C / — 111 — CJ — blZ 


62.81 (13) 


pii t; 1 pc oil 
C1Z — 111 — C J — b lZ 


—136.90 (V) 


p i r vi i z" 1 c c ; i 
Cl — 111 — Cj — blZ 




p a t; 1 pc c ; i 
C4 — 111 — Cj — blZ 


— 122.03 (IV) 


p i t; 1 pc c ; i 
CZ — ill — Cj — blZ 


160. /y (16) 


p i t; 1 pc c ; i 
C3 — ill — Cj — blZ 


— 158.12 (16) 


pn T; 1 pc c ; i 
Cy — 111 — Cj — blZ 


8 /.04 (1 /) 


p c t; 1 pc c \ i 
Co — 111 — Cj — blZ 


32. yi (14) 


p 1 n t; 1 pc c ', i 
C 1 U — 1 1 1 — C J — blZ 


31.42 (iy) 


po th P£ n 
Co — 111 — Co — C/ 


QO Ol z' 1 \ 

-38.83 (14) 


pi 1 Ti 1 ( f^~l 

Cll — 111 — CO — c / 


140. Iz (14) 


pi i t; 1 p/: p-7 

C1Z — 1 1 1 — Co — C / 


— 125.34 (13) 


p c p/r p-7 

Cj — 111 — CO — C / 


oj.jy (i jj 


PI t;i p/: p-7 

Cl — 111 — Co — c/ 


T7 OA i\ C\ 

2 /.80 (15) 


P/i Ti 1 ( '/^ p*7 

C4 — 111 — Co — C / 


54. 2U (11) 


PI T\ 1 P/i p-7 

CZ — 111 — Co — c / 


1 /I c /1 o\ 
1.45 (18) 


{ TJ 1 p/T p-7 

C3 — 111 — CO — C / 


34.3 (i ) 


pn tw ( ' ^ p-7 

cy — iii — Co — c/ 


OA 1 C ^1 C\ 

-80.35 (15) 


p 1 n t\ 1 p^ p-7 
C 1 U — 1 1 1 — Co — C / 


1 1 O 1 

— 118.1 (2) 


p o t; 1 P/i p 1 n 
Co — 111 — Co — C1U 


"7A OA /I \ 

/y.2y (14) 


pi 1 t\ 1 P/i Pin 
Cll — 111 — Co — C1U 


AC "7C T\ 

— y5. /5 (12) 


p-7 t\i P/i pin 
C / — 1 1 1 — Co — C 1 u 


1 1 O 1 

lls.l (2) 


pii t\ 1 P/i pin 
C1Z — 1 1 1 — Co — C 1 U 


- 1 .11 (15) 


p c t\ 1 P/i p 1 n 
Cj — 111 — Co — C1U 


1 "70 in / 1 T\ 

— 1 /S.2y (12) 


PI t;i p/r pin 

Cl — 111 — Co — C1U 


1/1C (11 

145. y2 (13) 


P/i t\ 1 p/i pin 

C4 — 111 — Co — C1U 


1 C7 £Q ^1 '>^ 

— 15 /.05 (1/j 


pi t\ 1 P/i pin 
CZ — 111 — Co — C1U 


i in co 
liy.58 (13) 


p i t; 1 P/i p 1 n 

C3 — 111 — C6 — C10 


152.5 (2) 


C9— Til— C6— CIO 


37.77 (13) 


CIO— C6— C7— C8 


0.2 (2) 


Til— C6— C7— C8 


65.30 (14) 


CIO— C6— C7— Til 


-65.13 (15) 


C8— Til— C7— C6 


114.2 (2) 
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po t: i po n 
C / — 1 1 1 — Cz — C 1 


cn o 1 ( 1 1\ 
oU.Zl (13) 


pio t; 1 pi pi 
ClZ — 1 1 1 — Cz — C 1 


1 ni on n 1 \ 

—1 /o./y (11) 


PC r T , ;i pi 

CD — 1 1 1 — Cz — C 1 


If A/1 /11\ 

-00.40 (11) 


P/l xi 1 f •") pi 

C4 — 1 1 1 — CZ — C 1 


O/i oq / 1 q\ 
— /0. /o (10) 


pq t 1 ; i n pi 
Co — 1 1 1 — Cz — C 1 


1 1 O O/i /i o\ 

— 1 IZ.Zo (1 /) 


pn t; 1 n p 1 
Cy — 1 1 1 — CZ — C 1 


1 no o 1 1 o\ 
1U /. / 1 (1Z) 


P/i t; 1 f '0 pi 

Co — 1 1 1 — CZ — C 1 


AQ A(\ ( 1 C\ 

4y.4U (lo) 


pi r\ ti i po pi 

C 1 U — 111 — CZ — C 1 


Q/i OQ (\ A\ 

yo.zy (14) 


po t 1 ; i pi pi 
Co 1 1 1 Cz Co 


1 /i C 1/1 

-100.04 (10) 


pi 1 t; 1 n pi 
Cll — 111 — Cz — Co 


i o /in / 1 c\ 
0 /.oU (lo) 


n t; 1 n pq 
C / — 1 1 1 — Cz — Co 


1 /iO /IT /1Q\ 

loZ.4 / (lo) 


pn n - *; 1 n pi 
ClZ — 111 — Cz — Co 


/i 1 CI / 1 o\ 

— Ol. 00 (IZ) 


PC t 1 ; i pi pq 
Co — 111 — Cz — Co 


O/i O 1 /1 0\ 

/o.ol (lo) 


p 1 t; 1 n pq 
C 1 — 111 — Cz — Co 


1 1 O O/i / 1 o\ 

llz.zo (1 /) 


P/i t;i pi pq 

C4 — 1 1 1 — Cz — Co 


1 C CQ /1 0\ 

00.00 (Iz) 


pn t; 1 pi pq 
CV — 1 1 1 — Cz — Co 


1 /i n m ( 1 o\ 
-14U.U0 (12) 


Co — 1 1 1 — Cz — Co 


lol.oo (Iz) 


pi a t; 1 PO PQ 
C 1 U — 111 — Cz — Co 


1 C1 A A ( \ 0\ 

— 1M.44 (Iz) 


po Ti 1 ( ") c;i 
Co — 1 1 1 — Cz — b 1 1 


— 44. oU (10) 


pi 1 t 1 ; 1 pi c; 1 
Cll — 111 — Cz — bll 


loo. 00 (o) 


po t; i po ci 1 
C / — 111 — Cz — b 1 1 


o/i on (\ a \ 
— /O. /y (14) 


pn t; 1 ^ •"> c; 1 
Clz — 111 — CZ — bl 1 


en on ^1 o\ 

oy.zu (iz) 


pc t; 1 ( "> c;i 
Co — 111 — Cz — b 1 1 


1 AO A (\ £\ 

— loZ.4o (lo) 


p 1 t; 1 pn c i 1 
CI — ill — Cz — bll 


1 oo nn ( 1 n\ 

— Iz /.uu (iy) 


P A T; 1 PO C 1 

C4 — 111 — Cz — b 1 1 


I r /: o£ / 1 /i\ 

loo.zo (lo) 


pq t; i po c ; 1 
Co — 1 1 1 — Cz — bi 1 


1 on oi /■ 1 n\ 

IzU. /o (iy) 


pn t; 1 po c;i 
CV — 1 1 1 — Cz — bll 


-ly.OU (lo) 


s • a <-p' i po c;i 
Co — 111 — Cz — b 1 1 


OO /i 1 / 1 /i\ 

— //.ol (lo) 


pin t; i PO c;i 

C1U — 111 — Cz — bll 


m o 1 /■ 1 n\ 

— oU. /i (iy) 


pi po PQ p A 

C 1 — Cz — Co — C4 


o o /o\ 
Z.Z (Z) 


c; 1 po pq p a 
bl 1 — Cz — Co — C4 


i /"o no / 1 c\ 

loo.y / (io) 


T 1 ; i po pq p /i 

111 — Cz — Co — C4 


-oo. ol (lo) 


Pi po pq t; i 

C 1 — Cz — Co — 111 


(\A ( 1 /1\ 

oo. U4 (14) 


c;i po ( ' i t; 1 
bl 1 — Cz — Co — 1 1 1 


1 OO 00 (\ £\ 

— IZ /.ZZ (lo) 


po t;i pi p a 
Co — 1 1 1 — Co — C4 


134.12 (10) 


pi i t; 1 ( ' i r^A 
CI 1 — 111 — Co — C4 


— oo. lo (IZ) 


po t 1 ; i pq p a 
C / — 1 1 1 — Co — C4 


nc i c / 1 a\ 
yo.lo (14) 


pio t; 1 ( ' i r^A 
Clz — 111 — Co — C4 


1 OA C 1 /1 0\ 

— IZo.ol (IZ) 


PC 1 PI p A 

Co — 111 — Co — C4 


1 O 1 1 /1 o\ 

o/.ol (Iz) 


p 1 t; 1 p q p /i 
CI — 111 — Co — C4 


OO Ol { 1 0\ 

/o.oo (lo) 


po t 1 ; 1 pq p/i 
Cz — 1 1 1 — Co — C4 


1 1 o on ( 1 o\ 

ii /.oy (io) 


pn t; 1 pq p /i 
cy — 1 1 1 — Co — C4 


1 O 1 OO / 1 o\ 

1/1 -0Z (Iz) 


p^ t; 1 pi P/i 
Co — 111 — Co — C4 


O 1 O /I \ 

71.2 (3) 


pin t 1 ; 1 pq p a 
C 1 U — 111 — Co — C4 


-161.9 (2) 


C8— Til— C3— C2 


16.23 (15) 


Cll— Til— C3— C2 


-154.04 (11) 


C7— Til— C3— C2 


-22.74 (16) 


C12— Til— C3— C2 


115.60(12) 


C5— Til— C3— C2 


-80.58 (13) 



pi 1 o 1 ; 1 po p^ 
Cll — 111 — C/ — Co 


1 C 1 /i ( 1 c\ 

— 00. lo (lo) 


pio o^; 1 po P/i 
Clz — 1 1 1 — C / — Co 


on 1 n ( 1 £S\ 

ou.iy (lo) 


PC T^l PO P/i 

Co — ill — C/ — Co 


1 on 00 ( 1 A\ 
-IzU. /o (14) 


pi t; 1 po ( ' ^ 
CI — ill — C / — Co 


1 O 1 C (\ c\ 

— loz.lo (lo) 


p A T' 1 PO P/i 

C4 — 111 — C/ — Co 


10/1 1 O /1 A\ 

— {IQ.Yl (14) 


po o^;i po P/i 
Cz — 111 — C / — Co 


1 00 on a\ 
— 1 /o.oy (14) 


pq t; 1 po ( 
Co — 111 — C / — Co 


1 AA 1 ^ / 1 1\ 
— loo. lo (lo) 


pn o^; 1 po P/i 
Cy — ill — C/ — Co 


o/i m c\ 
/0.0U (lo) 


p 1 n o 1 ; 1 p o P/i 
C1U — 111 — C / — Co 


1 c 00 / 1 1 \ 

00. oz (lo) 


pi 1 o^; 1 po po 
Cll — 111 — C/ — Co 


1 /i n 1 0 / 1 o\ 

-i4y. OZ (12) 


pio o^; 1 po po 
Clz — 111 — C / — Co 


1 1 no ( 1 o\ 

— oo. y / (i /) 


pc o 1 : i po po 
Co — 111 — C / — Co 


10c n/i / 1 /i\ 
IZo.Uo (14) 


p 1 o 1 ; 1 p o p o 
CI — 111 — C/ — Co 


m /in /i \ 
yo.oy (14) 


p A t" i PO PO 

C4 — 111 — C/ — Co 


101 01 
Izl./l (14) 


po 0^:1 PO PO 

Cz — ill — C/ — Co 


/i/i nc /1 /i\ 
00. yo (14) 


pi t 1 ; 1 po po 
Co — ill — C/ — Co 


on 01 /1 /i\ 
/y. /I (lo) 


pn o 1 ; 1 po po 
Cy — 111 — C/ — Co 


IO O/i 

—0 /.OO (10) 


p/i o^;i po po 
Co — 111 — C/ — Co 


1 1 A O /0\ 

— 1 14. Z (Z) 


p 1 n t; 1 po po 
C1U — 111 — C / — Co 


OQ 1 C ^ 1 A 

— /<3.-5Z) (14) 


p/i po po pn 

Co — c / — Co — cy 


n /i /o\ 

0.4 (2) 


o^; 1 po po pn 

1 1 1 — c / — Co — cy 


/iQ nn /'i a\ 

00. uy (14) 


p/i po po o^; 1 
Co — C / — Co — 111 


/iO /i/i / 1 c\ 

— 0/.00 (lo) 


pi 1 o 1 ; 1 po pn 

cii — iii — Co — cy 


/in ci / 1 /i\ 

-oy. 00 (lo) 


po t; 1 po pn 

c / — iii — Co — cy 


iii no ( 1 n\ 

— iio.yo (iy) 


pio o^; 1 po p n 

ciz — in — Co — cy 


/i 0 nn pi /i \ 
4Z.UU (14) 


pc o^;i po pn 

Co — i 1 1 — Co — cy 


1 n a no / 1 1\ 
— 1 /4.UZ (10) 


p 1 '-p' 1 po pn 

ci — iii — Co — cy 


1 /iO 0 C ( 1 c\ 

lo/.oo (lo) 


p a t: 1 po pn 

C4 — 1 1 1 — Co — cy 


1CO /1/i 

loo.4o (10) 


po o 1 ; 1 po pn 

cz — iii — Co — cy 


loo.lo (14) 


pq t' 1 po pn 

Co — iii — Co — cy 


1 oi nc 1\ 

izo.yo (10) 


P/i o 1 ; 1 po pn 

Co — iii — Co — cy 


O/i C/i /1 /l\ 

-/o.oo (14) 


pin t -1 ; 1 po pn 

ciu — iii — Co — cy 


i c no f \ 1 \ 

— 00. yz (io) 


pi 1 o 1 ; 1 po po 
Cll — 111 — Co — C / 


/l /l /l c /1 o\ 

44. 4o (1 /) 


pio t; 1 po po 
Clz — 1 1 1 — Co — C / 


1 CC QQ (\ 1\ 
lOO.yO (IZ) 


pc o 1 ; 1 po po 
Co — ill — Co — C/ 


/in c\A ( 1 a \ 
— 0U.U4 (14) 


pi o^;i po po 
CI — ill — Co — C / 


OQ 10/1 A\ 

— /o. 1 / (14) 


p a t; 1 po po 
C4 — 111 — Co — C / 


QO C/i ✓ 1 /i\ 

—0 /.oo (lo) 


po t; 1 po po 
Cz — ill — Co — C / 


1 1 0 QO (\ A \ 

— llZ.o/ (14) 


pi 1 po po 
Co — ill — Co — C / 


1 00 no / 1 1\ 
-Izz.U/ (lo) 


pn o^;i po po 
Cy — 111 — Co — C / 


111 no (\ n\ 
1 lo.yo (iy) 


p/i o^;i po po 
Co — 111 — Co — C/ 


q 0 /IO ZIOA 

0 /.4z (lo) 


p 1 n t 1 ; 1 p 0 p 0 
C 1 U — 1 1 1 — Co — C / 


00 n/i /1 /I \ 
/0.U0 (14) 


po po pn pin 

c / — Co — cy — C 1 U 


n n /o\ 

-0.9 (2) 


t 1 ' 1 po pn pi a 

1 1 1 — C8 — C9 — C 1 0 


65.64 (15) 


C7— C8— C9— Til 


-66.51 (14) 


Cll— Til— C9— C8 


132.99 (12) 


C7— Til— C9— C8 


38.74 (13) 


C12— Til— C9— C8 


-138.45 (14) 


C5— Til— C9— C8 


9.4 (2) 
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P i t 1 ' i PQ P ~) 

Cl — 111 — C3 — CZ 


m n/i / 1 7\ 
-3y.Uo (1Z) 


p i t' i pn p" 1 o 

ci — iii — cy — Co 


1 1 m (\ c\ 
-13. UZ (lo) 


/~m t; 1 pi p ■> 
C4 — 111 — C3 — CZ 


1 1 *7 on ( 1 o\ 
-11 /.oy (lo) 


p /i t 1 ; i pn p o 

C4 — 1 1 1 — cy — Co 


C 1 1 (1 \ 

-61.7 (3) 


pn t; 1 pi p-> 

cy — 1 1 1 — C3 — cz 


ci m /1 c\ 
J3.y3 (1j) 


po T-i- 1 pn po 

cz — 1 1 1 — cy — Co 


A O O/l /1 C\ 

-4o.o4 (1 j) 


CD — 1 1 1 — Lj — CZ 


AC 7 S1\ 

— 40. / (3) 


PQ T. 1 PQ P0 

C3 — 1 1 1 — cy — Co 


— 1 /.3 J (lo) 


C 1 U — 111 — C3 — cz 


oU.Z (3) 


r^c t; i pn po 

Co — iii — cy — Co 


*7n /1 /i\ 
/y.oZ (14) 


( •-) pi p /I pc 

CZ — C3 — C4 — C J 


n *7 /">\ 
-0.7 (2) 


pin t; 1 pn p o 

c i u — i i i — cy — Co 


1 1 *7 /in ^1 n\ 
11/ .4y ( 1 y ) 


1 1 1 — C3 — C4 — Lj 


/T/l QQ ( 1 C\ 

— o4.3y (1 J) 


po t; 1 pq p i n 

Co — in — cy — C1U 


117 AQ ( 1 Q\ 

—ii /.4y (iy) 


p-> pi p/1 Til 

CZ — C3 — C4 — 1 1 1 


/TQ /T/1 n c\ 

03.04 (1 J) 


pi 1 Ti 1 PQ p 1 Pi 

cii — in — cy — ciu 


1 e en ^1 A\ 
Ij.jU (14) 


po t; i p /i pq 

Co — 1 1 1 — C4 — C3 


CC HA { 1 C\ 

—oo. /4 (lo) 


p-7 t 1 ; i pn pin 

c / — i i i — cy — c i u 


70 7C C\ A\ 

— /o. / J (14) 


pi i t:i p a pq 

Cll — 111 — C4 — C3 


i/i/i m / 1 7\ 
144. yZ (1Z) 


pn T; i pn pin 

ciz — 1 1 1 — cy — C 1 U 


1 n/i n/i / 1 
1U4.U0 (1Z) 


/~<7 t; 1 P/1 PI 

C / — 111 — C4 — C3 


i m oi /ii\ 
-HU.o3 (13) 


pc t; 1 pn pin 

c j — i n — cy — c i u 


1 no n/i / 1 c\ 
-lUo.Uo (1j) 


pi O Til P/1 PI 

C1Z — 1 1 1 — C4 — C3 


Cl 11/1 7\ 

jZ.11 (1Z) 


s • 1 "t 1 " 1 pn pin 

c i — i i i — cy — c i u 


1 m c i ( a i\ 
— 13U.J1 (1Z) 


p c t; i p /i pq 

Cj — 111 — C4 — C3 


1 1 /i 7n /1 7\ 

-llo./U (1 /) 


p a t; i pn pin 

C4 — iii — cy — CIU 


1 7n t /">\ 

—i /y.z (Z) 


P 1 f' 1 p /] p Q 

C 1 — 111 — C4 — C3 


"7*7 O/l ( 1 1\ 

— / /.o4 (13) 


p -> <-p- 1 pn pin 

cz — iii — cy — ciu 


1 /i/i 1/1 ( 1 1\ 

— 100.34 (1Z) 


PO t; i p /i pq 

CZ — 111 — C4 — C 3 


1/i C7 /1 7\ 

-3o.jZ (1Z) 


pi t; 1 pn pin 

C3 — i i i — cy — c i u 


1 /iC 1 /i /1 1\ 

Ioj.Io (1Z) 


pn t 1 ; i p /i pq 

CV — 111 — C4 — C3 


11 o /q \ 

— Zl .o (3) 


r^c Tii p^n pi a 

Co — iii — cy — ciu 


17 07 /1 1\ 

—3 /.o / (1Z) 


PP T-i- -I p 1 pQ 

Co — 111 — C4 — C3 


1C1A1 / 1 1 \ 

-1J3.U1 (13) 


p q pn pin p^ 

Co — cy — c i u — Co 


n n 

0.9 (2) 


pi A T\ 1 P/1 pq 

CIU — 111 — C4 — C3 


1 en *7 

1 jy. / (Z) 


t 1 ; 1 pn pm pp 

1 1 1 — cy — C 1 U — Co 


/ii /in P 1 yl \ 

03.4U (14) 


po t\ i p/1 pc 

Co — 111 — C4 — Cj 


/in n/; (\n\ 

4y.yo (i /) 


po pn p i pi c;q 
Co — Cy — C 1 U — bl3 


1 CQ ZA (\ ^\ 

1oo.j4 (1 j) 


pi i t: i p a pc 

Cll — 111 — C4 — Cj 


no i o n 1 \ 
— yo.3o (11) 


t 1 ; 1 pn pin o^i 
111 — Cy — C 1 U — b 13 


1 in n 1 / 1 c\ 
— IZy.Ul (lo) 


p-7 TJ 1 P/1 pc 

C / — 111 — C4 — CD 


C 0*7 (\ £\ 

J.O / (lo) 


p o pn pin t; 1 
Co — cy — C 1 U — 111 


/i7 /I C H C\ 

— oZ.4j (1 j) 


pi O T\ 1 P/1 PC 

C1Z — 1 1 1 — C4 — C j 


1/ro oi pi 1 \ 

loo.ol (11) 


p-7 pp pm pn 

c / — Co — c i u — cy 


n 7 

-0.7 (2) 


pi r y: i p/1 pc 

CI — 111 — C4 — Cj 


10 0^ /" 1 1 \ 

3o.oj (11) 


t; 1 ( ' c p i pi pq 

i i i — co — c i u — cy 


— 0:5. ZU (14j 


po t • -, p i pc 

CZ — 1 1 1 — C4 — C J 


on 1 o ( \ i\ 
oU.lo (13) 


p-7 p p pm c^i 
C / — Co — CIU — bl3 


— 166.51 (15) 


PQ t 1 ; i p /i PC 

C3 — 111 — C4 — C J 


1 1 £ *7n /1 *7\ 
llo. /U (1 /) 


T 1 ; 1 P/i pm O^l 

1 1 1 — Co — C 1 U — bl3 


128.V / (16) 


PO t; i p /i pc 

CV — 1 1 1 — C4 — C J 


n/i r\ fi\ 
y4.y (3) 


p-7 pp pm t; 1 
C/ — Co — CIU — 111 


62.52 (15) 


pp t 1 ; i p a pc 

Co — 1 1 1 — C4 — C J 


1/f 11 p. "7\ 

3 o .31 (1 /) 


pn c;i pin p~* n 

c i z — bi3 — c i u — cy 


CCO /IN 

55.5 (2) 


pip, "Til p /l PC 

CIU — 111 — C4 — Cj 


— o3.o (3) 


pi i o^i pin pn 

cii — bi3 — ciu — cy 


/;i o /in 
—63.6 (2) 


PO pi PC P /] 

CZ — CI — C J — C4 


2.5 (2) 


pi 1 pin pn 

c 1 3 — bi3 — c i u — cy 


1 no A /IN 

1 /6.4 (2) 


t;i p i pc p a 
111 — CI — Cj — C4 


cz n*7 /1 /i\ 

oj.y/ (14) 


ph c;i pin pp 
C 1 Z — bl3 — C 1 U — Co 


1 1 n a /in 
— 13y.U (2) 


po pi pc c;o 
CZ — CI — CD — blZ 


1 *7n n 1 { ~\ c\ 
1 /U.y 1 (10) 


pi i c;i pin p/i 
Cll — b 1 3 — C 1 U — C o 


1 A1 1 /IN 

1U1.3 (2) 


t; i pi pc o ; 7 
1 1 1 — CI — C J — blZ 


nc /: c / 1 *7\ 

— IZj.oj (1 /) 


pi i c;i pm p/i 
C13 — bl3 — CIU — Co 


1 £ C /IN 

— 16.5 (2) 


po pi pc t: 1 
CZ — C 1 — C J — 111 


Cl A A ( 1 C\ 

-03.44 (1 j) 


pn c;i p 1 n t 1 ; 1 
CIZ — bl3 — CIU — 111 


/111 /IN 

—42.1 (2) 


PQ P/1 pc p 1 

C3 — C4 — C J — C 1 


1 1 

-1.1 (2) 


p 1 1 c ; i p i n t; 1 
Cll — bl3 — CIU — 111 


1 £1 "7*7 /1 £N 

— 161./ / (16) 


t; 1 p /I PC P 1 

1 1 1 — C4 — C J — C 1 


/^/^ n^ ( ] a\ 
— oo. Uo (14) 


pi o c^i pm T; 1 
C13 — bl3 — CIU — 111 


OA A1 /ION 

6U.43 (15) 


PQ p/1 pc CS7 

C3 — C4 — C J — b lZ 


1 CCi 01 /■ 1 

— ioy.o3 (lo) 


p o r Y'' 1 pm p^ n 

Co — 1 1 1 — c i u — cy 


1 £ CA /1 IN 

30.DU (13) 


T. 1 p/i pc c,7 
111 — C4 — C J — b lZ 


i -ic i o / 1 

IZj.Io (lo) 


pi i t: i p i pi pn 

ci i — 1 1 1 — c i u — cy 


1 £6. 1A /1 IN 

— 10D.2U (12) 


pq p/i pc t; 1 
C3 — C4 — C j — 1 1 1 


o4. yy (i j) 


p-7 T; 1 p i pi pq 

c / — i i i — c i u — cy 


70 ci /1 /IN 

/5.D3 (14) 


Pin c;i pc p i 
CIV — blZ — Cj — CI 


1 ch n /">\ 
— 10 /.U (Z) 


P1 o t: 1 p 1 n pn 

ciz — 1 1 1 — c i u — cy 


1 1 Ol /I IN 

— /1. 53 (12) 


pi o o;7 pc pi 
C 1 o — b 1 Z — C j — C 1 


*7n O 
/U.o (Z) 


PC T; 1 pm C C\ 

c j — i n — c i u — cy 


1 1 / A 1 /1/1N 

116. yi (14) 


p i -7 c ; 7 pc p i 
CI / — blZ — Cj — CI 


/in /i /">\ 
-4y.4 (Z) 


p 1 t; i p 1 n pn 

c i — iii — c i u — cy 


/:o 1A /1CN 

65. 3U (15) 


Pin c;7 pc p/i 
C 1 y — b l Z — C J — C4 


n o /">\ 

-0.8 (2) 


p a t; 1 pm c C\ 

C4 — iii — ciu — cy 


1 "7 A 1 /IN 

1 /y.Z (2) 


pi o c;i p c p/i 
C 1 o — b 1 Z — C J — C4 


— Izj.U (2) 


cz — 1 1 1 — c i u — cy 


1A Al /1 IN 

2U.U2 (1 /) 


pi 7 pc P/i 

Cl 7 — si2 — C5 — C4 


116.8 (2) 


pq t' 1 pm pn 

C3 — 111 — CIO — C9 


-37.4 (3) 


CI 9— Si2— C5— Til 


94.86(17) 


C6— Til— CIO— C9 


114.34(18) 


C18— Si2— C5— Til 


-27.36(17) 


C8— Til— CIO— C6 


-77.84 (14) 


C17— Si2— C5— Til 


-147.53 (14) 


Cll— Til— CIO— C6 


79.46 (13) 


C8— Til— C5— Cl 


-32.75 (13) 


C7— Til— CIO— C6 


-35.80 (13) 


Cll— Til— C5— Cl 


-170.40(11) 


Cl2— Til— CIO— C6 


173.84 (13) 
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pt T'i i p c p 1 
C / — 1 1 1 — C5 — C 1 


—62.58 (12) 


f c TJ 1 pin p f: 

CD — 111 — CIO — Co 


"1 C"7 (\ Ct\ 

2.D / (19) 


pn t; 1 pc pi 
C12 — 1 1 1 — C5 — C 1 


y /. /o (12) 


PI 1 pin p /; 

CI — ill — CIO — Co 


a c r\A /;\ 
-40.04 (16) 


p/i t; 1 pc p 1 
C4 — ill — C5 — CI 


1 1 I CO /1 "7\ 

112. Da (1 /) 


p/i ^1 pin p/: 
C4 — 111 — CIO — Co 


/; a n n\ 
o4.y (3) 


r^o t; 1 r^c r^i 
C2 — 111 — tj — CI 


1C 1Q / 1 1~\ 

35. 3y (11) 


C2 — 111 — C1U — Co 


Q/i ii /1 c\ 

— y4.3 1 (ID) 


pi A", i pc p 1 
C3 — 1 1 1 — CD — C 1 


"7/; /in { 1 t\ 
/0.4y (12) 


pi 1 pin p /; 
C3 — 111 — CIO — Co 


1 C 1 O 

— 151.8 (2) 


po. t; 1 pc p 1 
cy — ill — C5 — CI 


— .35. JO (16) 


pn t; 1 p 1 a p£ 
cy — ill — C1U — Co 


11/1 1/1 / 1 0\ 

— 114.34 (lo) 


p/r 1 r^c r^i 
Co — 111 — C5 — CI 


/10 / 1 y\ 
— y2.45 (12) 


r^o t; 1 ^ , ^^\ c;i 
Co — ill — C1U — 513 


1 *;n on / 1 o~\ 
10U.2U (lo) 


nn i pr p 1 

CIO — 111 — CD — CI 


m n~7 / 1 c\ 
—yi.yl (ID) 


pi 1 1 p 1 n c : i 
Cll — 111 — CIO — 513 


a*i cn /1 a\ 
-42.50 (14) 


pn rj*: 1 PC P/1 

C8 — ill — CD — C4 


1/ic 1 1 / 1 1\ 
— 145.33 (12) 


p~7 i pin c;i 
C/ — ill — CIO — bl3 


1 C"7 "7/: { 1 o\ 
— 15 /. lb (18) 


pi 1 t; 1 pc c^a 
Cll — 111 — CD — C4 


"7"7 AO / 1 1 \ 

1 1 ML (11) 


pn t; 1 pin on 
C12 — ill — C1U — 313 


C1 00 /I \ 

51.00 (14) 


n p/i 
C/ — ill — CD — C4 


1"7C 1/: / 1 1 \ 
— 1 /5.16 (13) 


pc 1 pm e ; i 
CD — 111 — CIO — ai3 


1 | n in /1/1\ 

— ny.3y (14) 


pn 'T*! 1 pc p /i 
C12 — 1 1 1 — CD — C4 


1/1 OH f 1 A\ 

-14.6/ (14) 


P1 1 pi/1 on 

CI — ill — CIO — ai3 


1 /C O f\f\ / 1 T\ 

-168.00 (12) 


CI— Til— C5— C4 


-112.58 (17) 


C4— Til— CIO— Si3 


-57.1 (3) 


C2— Til— C5— C4 


-77.18(12) 


C2— Til— CIO— Si3 


143.73 (13) 


C3— Til— C5— C4 


-36.09 (12) 


C3— Til— CIO— Si3 


86.3 (3) 


C9— Til— C5— C4 


-150.93 (14) 


C9— Til— CIO— Si3 


123.7 (2) 


C6— Til— C5— C4 


154.94 (12) 


C6— Til— CIO— Si3 


-122.0 (2) 



sup-11 



supplementary materials 




sup-12 



supplementary materials 




sup-13 



